Abstract: Biología de poblaciones y dieta de Pomadasys corvinaeformis (Perciformes: Pomadasyidae) en Bahía Caraguatatuba, sureste de Brasil. Pomadasys corvinaeformis inhabits sandy and rocky bottoms in coastal waters, and is common in trawl samples taken from beaches. The species is very abundant on the Brazilian coast, and is of high economic and ecological importance. This study examined the spatio-temporal distribution, population biology and diet of P. corvinaeformis in Southeastern Brazil. Samples were taken by trawling monthly from August 2003 to October 2004, in two previously selected areas. The Northern area is more exposed to wave activity and is influenced by a river, functioning as a small estuary. In contrast, the Southern area is relatively sheltered from wave energy and influenced to a lesser degree by smaller rivers. The length of the specimens was measured, and the sex and gonadal stage were macroscopically identified. The abundance of this species was compared between areas and among months. The diet was analyzed seasonally by the frequency of occurrence, the percent volume, and the index of alimentary importance. P. corvinaeformis occurred in unequal proportions in the two study areas (86% in the Northern area and 14% in the Southern area) and was found most abundant in May 2004, followed by June 2004. The proportion of mature and in-maturation individuals increased gradually from autumn to summer. Nine major groups of food items were recorded in the diet of P. corvinaeformis, and crustaceans comprised five of the categories: unidentified crustacean fragments, zoea larvae, amphipods, copepods and shrimps. In both, fish stomach and intestine, crustacean fragments were the most frequent item. The second most frequent items were shrimp in the stomach, and amphipods in the intestine (mainly represented by their tubes). These results demonstrate that P. corvinaeformis can be considered a carnivore, with a preference on benthic organisms. Rev. Biol. Trop. 61 (4): 1947Trop. 61 (4): -1954. Epub 2013 December 01.
The Roughneck grunt Pomadasys corvinaeformis occurs in the Western Atlantic from Mexico to Southern Brazil (Smith, 1997) . It inhabits sandy and rocky bottoms of coastal waters (Courtenay & Sahlman, 1978) , is common in trawls taken from beaches (Menezes & Figueiredo, 1980) and is found to a depth of 50m (Cervigón et al. 1992 ). The species is also found in low-salinity waters (Cervigón, 1993) . These grunts may reach a maximum size of 25cm, since Menezes & Figueiredo (1980) recorded an individual with 24.8cm. They feed on crustaceans and small fish and have commercial value.
The species is common on the Brazilian coast (Menezes & Figueiredo, 1980) , and is one of the most numerous species in the Southern coast ichthyofauna of Paraná in Southern Brazil (Chaves, 1998) . Pomadasys corvinaeformis showed wide seasonal variations in abundance and age distribution in Ceará, Northeastern Brazil (Costa, Santos, Espínola & MonteiroNeto, 1995) . In Caraguatatuba Bay, which is strongly influenced by the local rivers and therefore has estuarine characteristics, P. corvinaeformis was numerous only in the autumn.
Although P. corvinaeformis is an abundant species on the Brazilian coast, the relatively few studies on its biology have examined the biometry (Costa et al. 1995) , population structure (Chaves, 1998) and parasites (Cavalcanti, Chellappa, Pavanelli & Takemoto, 2006) ; as well as its cogeneric species P. commersonnii (Childs et al. 2008) , P. incisus (Pajuelo, Lorenzo, Gregoire & Domínguez-Seoane, 2003) and P. kakaan (Al-Husaini et al. 2002) .
P. corvinaeformis is relatively uncommon in Caraguatatuba Bay, although it has high economic and ecological importance in other Brazilian regions. The ichthyofauna of Caraguatatuba Bay has been little studied. This study is part of a wide-ranging pioneer research project on the megaepifauna of this bay, and the project is expected to provide highly important data to contribute to the development of future management plans for the region. Caraguatatuba Bay and its neighborhood have been impacted by socio-economic development including the construction of natural-gas pipelines and a gas treatment facility, plus the expansion of the port and oil terminal of São Sebastião. Since December 2004 (after the collections of this study ended), the state decree No. 49 215, which treats the Economic Ecological Zone (ZEE) of São Paulo's Northern Shore, prohibited trawling in bay areas. Therefore, studies focusing on the ecology of species such as P. corvinaeformis provide important baseline data for evaluation of the possible impacts to the region. North, among 200 possibilities, i.e., the beach length of 2 000m divided into 10m intervals. The position of each station was stored in a GPS at MLW (mean low water) and then the starting point for the trawls, 800m perpendicularly outward from the beach and beginning at MLW, was determined. At each station a 800m trawl was performed, from 800 to 1 600m perpendicular to the beach. This interval is equivalent to a water depth of 1 to 4m. The trawls were performed with a fishing boat, class G2M, 11m long with a 22HP engine. The trawling speed was about 1knot. The trawls were performed using two otter trawls with 2.0cm mesh, mouth aperture 1.6m in height and 6.0m in length, and bag depth 3.5m.
MATERIAL AND METHODS

Samples
The fish were then removed from the net and immediately preserved in a 10% formalin solution in order to halt the enzyme action, and to preserve the digestive tube contents (Uieda & Castro, 1999) . The samples were identified and stored in plastic containers. All specimens were identified to species in the laboratory and then transferred to 70% ethanol.
All individuals of P. corvinaeformis collected were measured for standard length (SL), which is the distance between the anterior end of the head and the base of the caudal fin (beginning of caudal fin rays; Figueiredo & Menezes, 1978) .
A total of 160 individuals of P. corvinaeformis were sorted from the 346 obtained in the samples for the diet analysis, using a randomdigits table. An abdominal ventro-sagittal incision was made from the anal aperture to the pelvic fin insertions. The digestive tubes and the gonads were removed. The gonads were analyzed, sexed and classified according to the maturation stages defined by Vazzoler (1996) .
The digestive-tube length (distance between the beginning of the esophagus and the end of the rectum; DTL) was measured in order to establish the DTL/SL ratio (digestive tube length/standard length) and evaluate a possible relationship to the diet of P. corvinaeformis (Uieda & Castro, 1999 ). The digestive tubes were then preserved in 70% ethanol until analysis of diet contents.
The digestive tubes were divided into two portions, the first constituted by the pharynx, esophagus and stomach, and the second by the intestine and rectum, due to the different degrees of digestion of the contents in each portion. Finally, the contents of each digestive tube were identified. The volume of each item was measured according to methodologies from Bemvenute (1990) and Petti (1997) .
The mean number of individuals (±SE) of P. corvinaeformis was calculated for the months and areas (South and North). The numbers in the two areas was also summed together. A two-way Anova was performed to test the differences in the spatial (South and North areas) and temporal (months) distributions. A histogram illustrating the relative frequency distribution of the size classes (standard length) of this species was constructed for the total population. A chi-square test was performed to determine if the sex ratio was equivalent between males and females with α=0.05.
The diet of P. corvinaeformis was analyzed seasonally by the frequency of occurrence (F%), percent volume (V%) and alimentary importance index (AIi). The alimentary importance index was calculated by a modification of the method used by Kawakami & Vazzoler (1980) , based on the frequency of occurrence (Fi%) and on the percent volume (Vi%) of each item.
RESULTS
Pomadasys corvinaeformis was relatively uncommon in Caraguatatuba Bay during the study period; 346 individuals were obtained in the six monthly trawls made during the 15 months of this study. Of these, 86% were in the North area and 14% in the South area (Anova: F=4.993, df=1, p=0.029). The highest numbers were caught in May and June 2004, when 80% of all individuals were caught (Anova: F=4.099, df=13, p<0.001) (Fig. 2) .
The distribution of the individuals among months seemed to be independent of the capture areas (South and North) (Anova: F=3.086, df=13, p=0.002). The lengths of the fish ranged from 4.5 to 12.5cm (Fig. 3) , with a mean value of 7.34±1.44.
Most of the fish (68%) were immature and could not be sexed. Therefore the sex ratio was provided for only a few individuals by season (16, 13, 15 and 8, respectively for the autumn, winter, spring and summer), with a predominance of males (χ 2 =200, df=1, p<0.001) (Fig. 4) . The proportion of mature and in-maturation fish gradually increased from autumn to summer (Fig. 4) . In the autumn, 85% of the 87 fish analyzed were immature; in the winter 58.6% of the 41 individuals were immature and 41.4% in maturation; in the spring there were six immature individuals, six in maturation and seven already mature; and in the summer, five individuals were immature and eight were mature, with no individual in maturation recorded.
Nine food items were recorded, as major groups, in the diet (Table 1) . Crustaceans comprised five of the categories: unidentified crustacean fragments, zoea larvae, amphipods (entire or tubes), copepods and shrimp. The polychaetes were represented by their fragments and tubes, mollusks by their shells, fish by their fragments and scales; and the producers of unidentified eggs. Of the 160 analyzed individuals, 38 had empty digestive tubes. The DTL/SL was calculated as 0.66.
Comparing the frequency of occurrence of the items between stomach and intestine (Table 1) , some particularities are observed. In both the portions, crustacean fragments were the most frequent item. The second item in frequency in the stomach was shrimp, and in the intestine, amphipods (mainly represented by their tubes). Polychaetes, shell fragments, copepods and fish fragments were more frequent in the intestine. Zoea larvae occurred exclusively in the intestine, and eggs exclusively in the stomach. With respect to the volume of the main items ingested (Table 1) , shrimp, an easily digestible item, were important in the stomach contents, while in the intestine the presence of shell fragments, which persist after the mollusks soft parts are digested, indicate that this item is also important in the diet of P. corvinaeformis. The alimentary indexes, shown in figure 5, by the relationship between frequency of occurrence and percent volume, show that the most voluminous items, both in the stomach (shrimp) and in the intestine (shell fragments), were not the most frequent, although shrimp was the most important item recorded in the stomach contents (AI i =63.06), while crustacean fragments were the most important item in the intestinal contents (AI i =49.92). Crustacean fragments were the most frequent item in both portions of the digestive tube.
Unidentified organic matter was present in 28.7% of the stomachs with contents, totaling 7.84% of the volume found in this portion of the gut and in 48.7% of the intestines with contents, totaling 16.41% by volume of the total gut contents.
DISCUSSION
Pomadasys corvinaeformis is a common species on the Brazilian coast (Menezes & Figueiredo, 1980) . It is one of the five most abundant species taken in traditional fisheries in Fortaleza, Ceará (Costa et al. 1995) and also one of the most abundant in the ichthyofauna of Guaratuba Bay, Paraná (Chaves, 1998) .
Pomadasys corvinaeformis in Caraguatatuba
Bay occurred mainly at the end of autumn (May to June 2004). Costa et al. (1995) correlated the differences in the capture of this species to the periods of heavier and lighter rainfall. These authors observed a higher density of this fish in the bimester following the higher mean rainfall, and associated this with the intake of nutrients from continental drainages, which increases the availability of food to the juveniles and larvae. The coast of São Paulo state, however, does not have well defined rainy and dry seasons, although rainfall is heavier in the summer. Thus, as previously recorded by Chaves (1998) for a population of P. corvinaeformis on the coast of Paraná, the abundance pattern observed in Caraguatatuba Bay is the inverse of that observed in Fortaleza.
As observed by Chaves (1998) , the occurrence of the population in Caraguatatuba Bay, as well as the one in Guaratuba Bay, in bays rather than off an open-sea beach, as in Fortaleza, may be a cue that rainfall and salinity are not the only factors that affect abundance patterns for the species.
The data for the gonad maturation stages in Caraguatatuba Bay, although only a few individuals were analyzed, showed an increase in the proportion of sexually mature individuals in the summer, the period when this species probably spawns. Chaves (1998) determined that Guaratuba Bay is not the spawning site for P. corvinaeformis, and suggested that the low numbers of individuals in this bay during the summer, with their return at the end of this season, coincides with the spawning period for the species in the open sea. The same was observed by Costa, Santos, Espínola & Monteiro-Neto (1995) for this species in Fortaleza, that is, a reduction in the number of individuals during the rainy period (November to February; summer) with displacement of the peak of frequencies for the larger size classes. This reduction was then followed in March-April (end of summer and beginning of autumn) by the entrance of juveniles into the population, i.e., juvenile recruitment. Probably the same argument explains the lower abundance of this fish in the warmer months of the year in Caraguatatuba Bay, as well as the dominance of small individuals, because the larger individuals may reach 25cm (Menezes & Figueiredo, 1980) . Therefore, Caraguatatuba Bay is likely used for shelter and growth by the juveniles of P. corvinaeformis, which probably only reach capture size (5.5 to 7.5cm) in the autumn, as also observed by Costa et al. (1995) .
The diet of P. corvinaeformis in Caraguatatuba Bay was based mainly on crustaceans (represented by unidentified fragments, shrimp and amphipods) and mollusks (represented by shell fragments). The separation of the stomach and intestine portions of the gut and the use of the data from the former portion made it possible to identify marked differences in the species' diet. In the stomach contents, shrimp were highly important, consumed by 33.8% of the individuals and totaling 61.7% of the volume of ingested food. For the intestine, mollusk shells were important, being consumed by 21.9% of the individuals and totaling 60.9% of the ingested food. Therefore, if only the stomach contents were analyzed, little importance would be given to mollusks in the diet of this fish. The shells are preserved in the intestinal contents after the soft parts are completely digested. The crustacean fragments and the amphipod and polychaete tubes were other items that remained in the intestinal contents, although they were also recorded in the stomach.
Similarly to our data obtained in Caraguatatuba Bay, Costa et al. (1995) found, in order of importance, the following items in the diet of P. corvinaeformis in Fortaleza: crustaceans, polychaetes, fish and algae. No algae were found in the individuals examined in Caraguatatuba Bay. Likewise, mollusks were not obtained in the study in Fortaleza, demonstrating some differences in the diet of fish from the two regions. Among the crustaceans, mysids, copepods and amphipods were the three most important groups in the diet of this fish at Fortaleza (Costa et al. 1995) , evidencing a tendency to predate on vagile microcrustaceans. Costa et al. (1995) concluded that P. corvinaeformis possesses a varied feeding spectrum, and feeds throughout the water column. The DTL/SL ratio calculated for the fish in Caraguatatuba Bay (0.66) suggests a carnivorous habit. Konchina (1977) stated that most members of the family Pomadasyidae are zoophagous, and Menezes & Figueiredo (1980) referred to P. corvinaeformis as feeding on crustaceans and small fish. Costa et al. (1995) also noted the presence of large amounts of organic matter and unidentified crustacean remains in the diet of P. corvinaeformis, and related this to the advanced degree of digestion of the items. The presence of sand in the stomach contents, according to these authors, may be due to the voluntary ingestion for use as abrasives in digestion, or involuntary, occurring as the net is pulled through the surf zone to the beach. In Caraguatatuba Bay, unidentified organic matter was relatively frequent (28.7% of the stomachs and 48.7% of the intestines) in the individuals analyzed, and was more voluminous in the intestine (16.4%) than in the stomach (7.84%). This information demonstrates that the observation by Costa et al. (1995) of advanced digestion should be accepted, because the volume of unidentified organic matter is larger in the intestine. However, in view of the benthophagous habit of the species, involuntary ingestion of deposited organic matter is also possible. No significant amount of sand was found in the digestive tract of the fish analyzed in Caraguatatuba Bay, which reinforces the hypothesis suggested by Costa et al. (1995) of involuntary ingestion of sand by the fish during beach trawling, because the collections in Caraguatatuba Bay involved a different fishing method.
The results presented above demonstrates that Pomadasys corvinaeformis is rare in Caraguatatuba Bay, and is occasionally found in high abundance, as in May-June 2004. Pomadasys corvinaeformis can be considered a carnivore, showing a preference to consume benthic organisms such as shrimp, amphipods and mollusks. influencia de un río, funcionando como un pequeño estuario. En contraste, el área sur es relativamente protegida de las olas e influenciada en menor grado por pequeños riachuelos. El largo, sexo y estadio gonadal de los organismos fue determinado y la abundancia de la especie comparada entre áreas y entre meses. La dieta a su vez, se estudió estacionalmente por medio de la frecuencia de ocurrencia, volumen porcentual y el índice de importancia alimentaria. Los resultados mostraron que P. corvinaeformis ocurrió de forma diferencial entre las dos áreas (86% en la norte y 14% en la sur) y además fue más abundante en mayo 2004, seguido de junio 2004. La proporción de organismos maduros/inmaduros creció gradualmente desde el otoño hasta el verano. Relacionado con la dieta, fueron registrados nueve grupos mayores de ítems alimentarios, estando los crustáceos presentes en cinco de esas categorías: fragmentos de crustáceos no identificados, larvas zoeas, anfípodos, copépodos y camarones. Tanto en el estómago como en el intestino de los peces, los fragmentos de crustáceos fueron el ítem más abundante, mientras que el segundo ítem en importancia fueron camarones en el estómago y anfípodos en el intestino (mayormente representados por su tubo). Los resultados indican que P. corvinaeformis puede ser considerado carnívoro, con clara preferencia por organismos bentónicos.
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